Abstract. We use calorimetry and dilatometry under hydrostatic pres- 
Introduction

26
Orientationally disordered phases are mesophases characterized by the presence orien- 27 tational dynamic disorder that may arise in molecular crystals constituted by rather 28 isometric or small molecules linked by weak interactions. Activation of the orienta- 29 tional degrees of freedom from the completely ordered crystalline phase occurs across 30 a first-order transition with unusual large enthalpy and entropy changes that exceed 31 those associated with the melting towards the liquid phase [1, 2] . This has made them 32 promising as solid-state thermal energy storage materials [3, 4] . 33 Beyond this fundamental picture, several studies have been devoted to identify latter increases more rapidly with pressure than the former, which is intuitive as pres- Moreover, by analyzing ∆S m as function of T t /T m at normal pressure for different 52 sets of materials, it was obtained that ∆S m decreases with T t /T m , and in the limit of
53
T t → T m , ∆S m → R ln 2. A deviation from this behavior was observed, however, in a 54 compound that differed from the rest in the nature of the intermolecular bonds [10] .
55
It is clear that a full thermodynamic characterization of a pVT system requires 56 the knowledge of the effect of pressure on the thermodynamic variables. However, to 57 date most high-pressure theoretical and experimental studies are rather limited and 58 have focused mainly in the determination of the T -p diagram whereas high-pressure 59 energetic and volume data are scarce, basically due to the technical difficulties and 60 lack of standard commercial high-pressure equipment [11] [12] [13] [14] [15] [16] [17] [18] [19] . Clausius-Clapeyron is 61 then evaluated at normal pressure. Moreover, investigations have been focused on 62 inorganic and metallic compounds whereas organic plastic phases and the associ- pressures were, however, much larger than those of the present work.
69
Here we report systematic high-pressure experimental data on the solid and liquid 70 phases and related transitions in a series of composition-related plastic crystals, by 71 means of calorimetry and dilatometry under applied hydrostatic pressure and X-Ray 72 powder diffraction. In the first part of the present study, we use these data to check 73 and extend the aforementioned thermodynamic correlations to an unexplored range 74 of materials and pressures.
75
On the other hand, the traditional Clausius-Clapeyron equation for first-order 76 phase transitions renders a simple relation between volume and entropy changes at 77 the transition point, dT/dp = ∆V /∆S. Close to the transition, first-order derivatives 78 arise and other additional relations can be derived [22] :
dT dp ∆C p T dT dp 2 − 2∆α * dT dp + ∆β *
81 d∆H dp = dT dp
d∆V dp = dT dp ∆α * − ∆β *
Phase Equilibria and their Applications 3 where C p is the specific heat capacity, and α * = (dV/dT) p and β * = −(dV/dp) It is worth discussing about the error associated with the experimental methods 134 used in this work. Although the precision of the techniques may be relatively high lower than or similar to 1% in dT/dp and lower than 10% in ∆S 0 . For most of the 152 remaining experimental magnitudes, ε r are estimated to be around 10-20% whereas 153 in second-order terms, such as ∆β * or ∆α * , ε r can be much larger as discussed.
154
Having said that, for the sake of clarity we will omit error bars in the figures. plastic, and one and subsequent completely ordered crystalline phases respectively. here. (dT m /dp > dT t /dp) and the entropy change on melting is lower than that associated 171 to the plastic transition (∆S m < ∆S t ). We recall that this behavior is common within 172 compounds exhibiting plastic phases, as anticipated in the introduction.
173
We can use the data fits in the previous Figures 1 and 2 to compare the behavior 174 between different compounds, as an attempt to extract any further universal behavior 175 within plastic crystals. This is shown in Figure 3 . Figure 3 reported in other sets of compounds [9] , this trend is broken at high pressures.
182
Instead, Figures 3(c,d) show that d(T m − T t )/dp is quite similar for all the com- Dilatometry, X-ray powder diffraction and Clausius-Clapeyron equation
189
In this section we aim to test the Clausius-Clapeyron-related Equations (1-4) asso- shown in Figure 4 . From linear fits (straight lines in Figure 6 ) we can obtain the 209 values for d(∆V )/dp. at the transition, which is needed for Equations (1, 2, 4) (see Figure 8 ). Figure 9 shows 213 volume−temperature data as function of temperature extrapolated from the fits in as it is usually observed in organic crystals [7] . From the slopes of the linear fits, we 216 can then extract the values for thermal expansion-related values, α * as function of 217 either temperature or pressure, the latter case shown in Figure 10 .
218 Table 1 summarizes the data needed for Equations (1-4) for the different com-219 pounds. As we do not have complete data for all compounds, we will be able to 220 evaluate the equations for NPA, NPG and MNP. Data taken from the literature is 221 specified by different superscripts, and the corresponding references are indicated in 222 the caption.
223
In Table 2 we compare the value for dT/dp obtained directly from experiments Figure 10 whereas triangles are calculated from X-ray data (see Figure 4) .
We then proceed to compare some thermodynamic quantities obtained through Table 3 . Comparison between experimental and calculated values through Equations (1-4) for dT /dp, d 2 T /dp 2 , d∆H/dp and d∆V /dp for the II-I transition at normal pressure for NPA, NPG and MN.
NPA
NPG MN d 2 T/dp d ∆H /dp J mol
d ∆V/dp cm 3 mol −1 MPa show that (i) the slope of the differences between the T − p plastic-liquid and solid
250
II-plastic transitions, d(T m − T t )/dp, is roughly independent of the compound, and
251
(ii) at low-pressure the entropy change at the solid II-plastic transition is almost inde- 
